METHODS: Human neutrophils were perfused over endothelial monolayers in a microfluidic 10 lab-chip assay. Cell rheology was assessed by micropipette aspiration to assess changes in 11 cortical tension and viscosity. Fluorescence microscopy was applied to measure adhesive contact 12 area and β 2 -integrin focal bond formation. an ~40% increase in neutrophil viscosity and a reduction in the adhesive footprint.
Introduction

1
Leukocyte recruitment is a necessary step in the innate immune response to infection and 2 inflammation and is crucial for wound healing [1] . The most common leukocyte in human 3 circulation are polymorphonuclear leukocytes, commonly denoted neutrophils (PMN). They 4 undergo a multi-step process of recruitment at vascular sites of infection and inflammation.
5
Inactivated or resting PMN circulate in the blood stream and a fraction are captured by tethering 6 through E-selectin (CD62E) and P-selectin (CD62P) upregulated on the endothelial surface, clinical use [8] [9] . This has motivated the discovery of biological strategies for ameliorating the 23 chronic over recruitment of PMN to inflamed endothelium [8] .
24
The discovery of atrial natriuretic peptide (ANP) has provided evidence that the heart 25 functions not only as a pump, but also as a secretory organ that can regulate blood pressure, fluid during myocardial infarction (MI) [11] . Recombinant ANP (carperitide) was approved for 33 treatment of acute heart failure in Japan in 1995. However, the FDA in the USA has yet to 34 approve it for treatment and the majority of studies regarding ANP are performed in Japan in 35 patients with decompensated heart failure [12] . One large observational study was conducted on 36 3,777 patients with acute heart failure, in which carperitide was given at an average dosage of 85 37 ng/kg/min for 65 hours, resulting in a clinical improvement in 82% of patients [13] . While the 38 action of carperiptide has been attributed mainly to its renal and vasodilatory actions, ANP's 39 effects on cell rheology and endothelial permeability have motivated studiesincreased efforts to 1 understand the actions of ANP in attenuation of the inflammatory recruitment of leukocytes that 2 are reported to reduce left ventricular remodeling following MI [14] .
3
The role of ANP as a modulator of the innate immune response to tissue injury is not well 4 defined in part because different mechanisms of action of ANP have been ascribed to a variety of 5 mechanisms in a diversity of cell types involved in the innate immune response, including 6 endothelium, PMNs, mast cells, and macrophages [15] . For example in LPS-induced acute lung 7 injury in mice, ANP was reported to reduce E-selectin upregulation on pulmonary artery 8 endothelial cells and the release of tumor necrosis factor-alpha (TNF-α) [16] . There are also 9 reports of ANP acting on cytoskeletal components including regulation of the actin capping 10 protein HSP27 that promotes conversion of G-to F-actin [17] The goal of the current study is to delve into the actions of ANP on PMN activation and 31 recruitment to inflamed endothelium. We report that ANP reduces PMN rolling, arrest, and 
Wound model in Lys-M-EGFP mice
20
The Lys-M-enhanced green fluorescent protein (EGFP) stable mouse strain and the skin 21 wound model for non-invasive whole animal fluorescent imaging of EGFP neutrophils was 22 performed as previously described [27] . In brief, mice were anesthetized and hair was removed 23 with a mechanical shaver prior to a 6 mm in diameter full thickness wound was made using a 24 biopsy punch (Robbins Instruments, Chatham, NJ). The in vivo imaging of EGFP neutrophils 25 appearing on the flank of mice with skin wounds was performed using whole animal 26 fluorescence imaging system (Xenogen IVIS 100 system, Xenogen) as the neutrophils were 27 visualized using a GFP filter (excitation 445-490 nm and emission 515-575 nm). We have 
Neutrophil Isolation
34
PMNs were isolated from freshly collected human blood from healthy donors consented 
26
Custom multi-channel microfluidic device were assembled on coverslips as previously described aspiration pressure within the pipette to solve for cortical tension, σ.
Where R is the radius of the spherical main cell body and R P is the pipette radius (26). The 
where R i is the radius of the untouched cell and R p is the radius of the pipette. Cell surface area 
Data Analysis and Statistics
13
Data are reported as mean ± SEM. Multiple groups were compared using one-way
14
ANOVA with Tukey posttest. All analyses were carried out using GraphPad Prism 5.01 for
15
Windows (GraphPd Software, San Diego, CA). 5% underwent shape change and transendothelial migration (TEM), which was not inhibited 34 by ANP treatment (Figure 2A ).
35
To elucidate ANP's effect on PMN adhesion strengthening following cell arrest 36 independent of its effect on the endothelium, PMN were perfused through the microfluidic flow 37 channel on a substrate of recombinant E-selectin and ICAM-1. ANP. This reveals a significant increase in tether length prior to detachment compared with 14 untreated control ( Figure 2C ). Taken together, the adhesion behavior of PMN indicates that cell 15 activation and changes in rheology may be affected by treatment with ANP.
16
To evaluate the effect of ANP on the signaling of PMN activation in response to 17 stimulation with IL-8, conversion of CD18 to high affinity was detected using the activation 
ANP increases PMN viscosity without changing cortical tension
28
To quantify the viscoelastic properties of PMN the ratio between cortical tension (σ) and 
39
Next we measured resting cortical tension by partially aspirating PMN at defined 1 micropipette pressure and measured the projection length (L p ) as pressure was increased in until 2 the projection length remained constant ( Figure 3D ). Using the analysis described in methods (Table 1) . Our value of cytoplasmic viscosity for untreated cells was ~179 Pa·s, which is in close 8 agreement with previous observations (25-28,32-34), whereas those treated with ANP were 9 nearly 1-fold higher at a value of ~324 Pa·s. We conclude that ANP elicited a significant 10 increase in cytosolic viscosity even in the absence of PMN activation. 
33
The mechanism by which ANP increases PMN viscosity remains unknown and will Although it is possible that ANP acts via these membrane receptors they act throughin PMN, the 1 signaling pathway has yet to be reported in a similar manner. ANP has been shownsignaling 2 through to stimulate Rac GTPase and its effector PAK1, which down-regulates GEF-H1 with the finding of inefficient extravasation into the full thickness skin wound in presence of
15
ANP and the defect in conversion to shear resistant firm arrest and adhesion strengthening.
16
Further analysis of ANP's effect on PMN Rho-GTPases and local F-actin dynamics is necessary 17 to further elucidate its apparent effect on PMN viscosity.
18
In this study, we report that ANP significantly attenuates the thrombin augmented 
